The chemical characterization and antioxidant activities of essential oils of Eryngium pseudothoriifolium Contandr. & Quézel and E. thorifolium Boiss., endemic plant species from Turkey, were investigated. The essential oils obtained by hydro-distillation were analyzed by GC/FID and GC/MS. Thirty and twenty-three compounds representing 99.5% and 99.7% were identified in E. pseudothoriifolium and E. thorifolium essential oils, respectively. The main component of E. pseudothoriifolium oil was falcarinol (84.8%) whereas those of E. thorifolium were α-pinene (31.9%), caryophyllene oxide (21.6%) and hexahydrofarnesylacetone (11.1%). The antioxidant capacities of the essential oils were tested by several methods including β-carotene-linoleic acid, radical scavenging (DPPH and ABTS) and reducing power (CUPRAC) assays. The essential oil of E. pseudothoriifolium with the high amount of falcarinol exhibited the best antioxidant activity in all assays. The results of the present study supported the possible uses of Eryngium essential oils as a valuable source of natural antioxidant in food and pharmaceutical industries.
RESULTS AND DISCUSSION

Chemical characterization of the essential oils
The yields of the essential oil from aerial parts of E. pseudothoriifolium Contandr. & Quézel and E. thorifolium Boiss. were 0.65 and 0.48%. The essential oils obtained from E. pseudothoriifolium and E. thorifolium were analyzed by using the gas chromatography (GC) and GC/mass spectrometry (GC-MS) techniques. The chemical characterization of the essential oils, relative percentage (%) and Kovats index of compounds are given in Table 1 . Thirty compounds were identified in the essential oil of E. pseudothoriifolium representing 99.5% of the total oil; falcarinol (84.8%) was found as the main compound. A total of twenty-three compounds were found in the essential oil of E. thorifolium, representing about 99.7% of total oil. α-Pinene (31.9%), caryophyllene oxide (21.6%) and hexahydrofarnesylacetone (11.1%) were major compounds in the essential oil. Çelik et al., [13] investigated the chemical composition of the essential oil of E. thorifolium by direct thermal desorption (DTD) -GC/MS analyses and α-pinene (58.65±3.52%), 7-exo-ethenylbicyclo [4.2.0] oct-1ene (10.56±3.62%), limonene (3.14±5.14%) and (E)-Oct-2-enal (3.04±4.68%) were identified as major compounds. Usluer et al. [14] were previously studied the chemical compositions of hexane extracts of E. pseudothoriifolium and E. thorifolium using soxhlet extraction technique by GC-MS. Falcarinol (82.89%), 6,10,14trimethyl pentadecanone (3.24%) and caryophyllene (2.15%) were identified as major compounds in the hexane extract of E. pseudothoriifolium while cis-verbenyl acetate (24.84%), caryophyllene oxide (18.17%), (E)-Farnesene epoxide (12.72%), and Selina 4,11-diene 2-ol (9.56%) were detected as main components in the hexane extract of E. thoriifolium. The chemical composition of essential oil of E. pseudothoriifolium was described for the first time in this study.
In earlier reports, the chemical contents of essential oils of different Eryngium species have been studied. The essential oil of E. billardieri was analyzed by Sefidkon et al. [15] , -muurolene (42.0%), -gurjunene (17.0%), -cadinene (6.2%) and valencene (5.7%) were identified as major compounds. Klein-Junior et al. [16] reported spathulenol (36.0%) and 2, 3, 6-trimethyl benzaldehyde (15.7%) as the major compounds in E. floribundum; bicyclogermacrene (17.2%) and cyclocolorenone (14.7%) in E. nudicaule; sesquicineole (21.3%), pentadecane (53.5%), globulol (18.6) and aromadendrene (9.1%) in E. horridum. In the study of Medbouhi et al. [4] the chemical compositions of E. triquetrum essential oils from 25 different locations were investigated and falcarinol (63.5-90.6%) was found to be highly dominant in the essential oils, followed by octanal (1.0-12.8%). 2-Dodecen-1-al (46.68%) and caprinic alcohol (14.80%) in E. foetidum essential oil and α-bisabolol (32.6%), αcurcumene (6.5%) and α-selinene (5.4%) in E. tricuspidatum essential oil were reported as major compounds [17, 18] . A comparison of the major compounds of the essential oil from different species of Eryngium is depicted in Table 2 . The main component of some Eryngium species such as E. campestre (13.8%) [2] , E. amethystinum (56.7%) [2] , E. eriophorum (35.1%) [16] , E. pandanifolium (28.9%) [16] , E. maritimum (10.4-15.9%) [19] , E. serbicum (19.7%) [20] and E. yuccifolium (18.3%) [21] was Germacrene D. Falcarinol also was found to be principal components in E. triquetrum (86.9%) [4] and E. palmatum (34.9%) [9] essential oils.
Our results have similarities and differences in the literature. The obtained and literature results show that not only the different species but also the chemical composition of the same species may be different. These differences originated due to the location of collection area, climatic conditions and genetic factors [30] .
Antioxidant activity
The antioxidant properties of the essential oils of E. pseudothoriifolium and E. thoriifolium were evaluated using β-carotene-linoleic acid, DPPH free radical scavenging, ABTS cation radical scavenging and CUPRAC assays. The antioxidant activities of the essential oils were compared with the synthetic antioxidants, BHA and α-tocopherol, which were used as standards. The essential oils were tested at different concentrations and the results were given as inhibition percentage (%) at 200 µg/mL concentration of the essential oils in Table 3 .
In β-carotene-linoleic acid assay, E. pseudothoriifolium essential oil (74.81±1.15%) showed higher lipid peroxidation inhibition activity than E. thoriifolium essential oil (41.72±1.30%). The essential oil of E. pseudothoriifolium showed the higher radical scavenging activity with inhibition values of 57.96±0.27% and 63.46±1.38% at 200 µg/mL concentration in DPPH • and ABTS •+ assays, respectively ( Table 3 ).
The essential oil of E. pseudothoriifolium (1.22±0.07 absorbance) was active than E. thorifolium essential oil (0.44±0.07 absorbance). As shown in Figure 1 , E. pseudothoriifolium essential oil was found to be higher reductant than α-tocopherol at 100 and 200 µg/mL concentration.
The essential oils of Eryngium species are known to be rich in falcarinol. The significant antioxidant activity of E. pseudothoriifolium essential oil in all assays can be attributed to high amounts of falcarinol as reported in the literature [4] . This is the first comprehensive study about the antioxidant activities of the essential oils of E. pseudothoriifolium and E. thorifolium.
According to our knowledge, Eryngium genus has approximately 250 species throughout the world, the limited number of essential oils (E. maritimum, E. triquetrum, E. tricuspidatum and E. foetidum) was investigated for their antioxidant activities. Radical scavenging activities of the essential oils of E. maritimum collected from five different regions were determined by using DPPH • (IC50: 104-141 µg/mL) and ABTS •+ (IC50: 39-71 µg/mL) radicals [31] . E. triquetrum essential oil was reported to exhibit high DPPH • radical scavenging activity (IC50:
28.68 µg/mL) [4] . In a different study, Thomas et al. [22] investigated antioxidant properties the essential oils of leaf, stem, and root of E. foetidum. In DPPH assay, IC50 values for the leaf, stem and root oils were 56 µg/mL, 46 µg/mL, and 54.5 µg/mL respectively, while the leaf oil showed the highest reducing potential in the FRAP assay. Antioxidant activity of E. tricuspidatum essential oil (DPPH assay: IC50: 510 µg/mL; FRAP assay: reducing the power of oil increases from 0.0188 at 5 µg/mL to 0.5016 at 1000 µg/mL) was studied by Merghache et al. [18] . Our results are comparable to those of earlier studies. 
CONCLUSIONS
This study is the first report of comprehensive antioxidant effects and detailed chemical characterization of these essential oils. In fact the essential oil of E. pseudothoriifolium can be considered as rich source of falcarinol. The high antioxidant activity of E. pseudothoriifolium essential oil is the result of high amount of falcarinol. In conclusion, our results indicate that Eryngium species could be explored as a natural source of food supplements and therapeutic applications.
MATERIALS AND METHODS
Plant materials
The aerial parts of E. pseudothoriifolium and E. thorifolium were collected from Muğla, Turkey in 2016. The plants were identified by Dr. Hasan Yıldırım at Ege University, Izmir, Turkey. The voucher specimen has been deposited at the herbarium of Natural Products Laboratory of Muğla Sıtkı Koçman University with voucher no MU1141 (for E. pseudothoriifolium) and MU1145 (for E. thorifolium).
Isolation and analysis of the essential oil
The essential oils of dried aerial parts of E. pseudothoriifolium and E. thorifolium were hydro-distillated in a Clevenger-type apparatus for 4 h. The oils were dried over anhydrous sodium sulfate and stored under +4°C until analyzed.
The essential oils were analyzed by GC-FID and GC-MS techniques. A Flame Ionization Detector (FID) and a DB-5 fused silica capillary non-polar column (30 m×0.25 mm id., film thickness 0.25 μm) were used for GC analyses. The injector temperature and detector temperature were adjusted 250 and 270°C, respectively. Carrier gas was He at a flow rate of 1.4 mL/min. The sample size was 0.1 μL with a split ratio of 20:1. The initial oven temperature was held at 60°C for 5 min, then increased up to 240°C with 4°C/min increments and held at this temperature for 10 min. The percentage composition of the essential oil was determined by the Class GC10 GC computer program.
An Ion trap MS spectrometer and a DB-5ms fused silica non-polar capillary column (30 m×0.25 mm ID, film thickness 0.25 μm) were used for the GC/MS analyses. The carrier gas was helium at a flow rate of 1.4 mL/min. The oven temperature was held at 60°C for 5 min, then increased up to 240°C with 4°C/min increments and held at this temperature for 10 min. Injector and MS transfer line temperatures were set at 220°C and 290°C, respectively. The ion source temperature was 200°C. The injection volume was 0.2 μL with a split ratio of 20:1. EI-MS measurements were taken at 70 eV ionization energy. Mass range was from m/z 28 to 650 amu. Scan time 0.5 s with 0.1 inter scan delays. Identification of components of the essential oils was based on GC retention indices and computer matching with the Wiley, NIST-2008 and TRLIB Library as well as by comparison of the fragmentation patterns of the mass spectra with those reported in the literature and whenever possible, by co-injection with authentic compounds [32] .
Antioxidant activity assays
β-carotene/linoleic acid assay
The total antioxidant activity was determined by β-carotene-linoleic acid method based on the measurement of the inhibition of conjugated dien hydroperoxides resulting from linoleic acid oxidation with slight modifications [33] . A β-carotene-linoleic acid mixture was prepared as following: 0.5 mg β-Carotene in 1 mL of chloroform was added to 25 μL linoleic acid and 200 mg Tween 40 emulsifier mixture. After evaporation of chloroform under vacuum, 100 mL of distilled water saturated with oxygen, was added by vigorous shaking. One hundred-sixty microliters of this mixture was transferred into 40 μL the samples at different concentrations. As soon as the emulsion was added into each tube, the zero time absorbance was measured at 470 nm using a 96-well microplate reader. Absorbance of the emulsion was read again at the same wavelength after incubation of the plate for 2 h at 50 ºC. Measurement of absorbance was continued until the colour of β-carotene disappeared. BHA and α-tocopherol were used as antioxidant standards for comparison of the activity. The same procedure was repeated with used antioxidant standards and a blank. The bleaching rate (R) of β-carotene was calculated according to Eq. 1. 
DPPH free radical scavenging assay
The free radical scavenging activity was determined spectrophotometrically by the DPPH assay described by Blois [34] with slight modification [33] . In its radical form, DPPH absorbs at 517 nm, but upon reduction by an antioxidant or a radical species, its absorption decreases. Briefly, 40 μL sample solutions at different concentrations were added to 160 μL 0.4 mM DPPH solution. Thirty minutes later, absorbance was measured at 517 nm by using a 96-well microplate reader. The capability of scavenging the Inhibition activity (I) was calculated using Eq. 3. 
I (%) =
ABTS cation radical scavenging assay
The spectrophotometric analysis of ABTS •+ scavenging activity was determined according to the method of Re et al. [35] with slight modifications [33] . Briefly, ABTS •+ was produced by the reaction between 7 mM ABTS in H2O and 2.45 mM potassium persulfate, stored in the dark at room temperature for 12 h. The radical cation was stable in this form for more than 2 days when stored in the dark at room temperature. Before usage, the ABTS •+ solution was diluted to get an absorbance of 0.708±0.025 at 734 nm with ethanol. Then, 160 µL of ABTS •+ solution was added to 40 µL of sample solution in ethanol at different concentrations. After 10
